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ABSTRACT

There are no randomized controlled trials of
antidepressant drugs to treat depression, or to prevent
relapse into depression, during pregnancy; therefore,
the safety of antidepressant drug exposure during
pregnancy is based on evidence from case-control or
cohort studies. Many of these observational studies,
during the past decade, examined the risk of autism
spectrum disorder (ASD) in exposed offspring. Different
studies using different methods and examining
different periods of antidepressant exposure before
and during pregnancy obtained different results.
Studies with adverse outcomes were highlighted in the
mass media, whereas those with reassuring outcomes
were mostly ignored. Meta-analyses were conducted
to reconcile the findings of the different studies and
determine the magnitude of the effect size. In the last
year or so, at least 6 such meta-analyses examined the
effects of antidepressant exposure during pregnancy
on the risk of ASD in the offspring. The meta-analyses
set different study selection criteria and employed
different methods of analysis to address different
objectives. The findings across meta-analyses have
been reasonably consistent. Antidepressant exposure
during pregnancy is associated with an increased risk
of ASD in the offspring. The risk is decreased after
adjusting for confounding variables and is mostly

no longer statistically significant after adjusting for
maternal mental illness. Additionally, antidepressant
exposure is associated with an increased risk of ASD
in the offspring even when exposure is limited to the
preconception period, when the drugs cannot have

a physiological effect on the fetus. These findings
suggest that maternal mental illness is an important
determinant of the risk of ASD associated with
antidepressant exposure during pregnancy.
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Introduction

When many studies on a specific subject are available, the published
data from studies with similar design are often combined and
summarized through meta-analysis. This is particularly helpful when
the results of the different studies are inconclusive or contradictory,
or when researchers want to know what the averaged effect size is."?
There is often more than one published meta-analysis addressing
the same research question, and these meta-analyses are sometimes
similar in their date of publication and the studies summarized. When
this happens, the findings of the meta-analyses are usually similar.
However, it is not unusual for contemporary meta-analyses to differ
or even contradict each other.

Meta-Analyses That Disagree

In 3 meta-analyses published in 2013, one concluded that depression
does not increase the risk of diabetes mellitus and vice versa,® and the
others concluded that each condition increased the risk of the other.**
More recently, one meta-analysis concluded that the use of ketamine
in electroconvulsive therapy (ECT) anesthesia improved antidepressant
outcomes,® whereas the other concluded that it did not.”

Meta-analyses may disagree for different reasons. For example, the
authors may have set different inclusion and exclusion criteria for study
selection, or they may have analyzed the data in different ways. When
meta-analyses disagree, readers need help in deciding what to conclude.
This is where meta-reviews become important; as an example, Sinha et
al® presented a meta-review that sought to reconcile disparate findings
and conclusions of several systematic reviews on the safety of ECT
during pregnancy.

Does Antidepressant Exposure During Pregnancy
Increase the Risk of Autism in the Offspring?

Many cohort and case-control studies have examined whether
antidepressant exposure during pregnancy increases the risk of autism
spectrum disorder (ASD) in the offspring; the data have emerged
from Denmark, Sweden, Canada, China, the Netherlands, and the
United States. The results of these studies, and the interpretation of
the results, have not been consistent. As a result, attempts have been
made to reconcile the disagreements through meta-analysis. During
approximately the last year, at least 6 important meta-analyses have
examined the question’™'%; 2 of the meta-analyses,”!? in fact, were
published in the same journal within a few months of each other.

All 6 meta-analyses found a significantly increased risk of ASD in the
offspring of women with study-defined exposure to antidepressants in
general, or selective serotonin reuptake inhibitors (SSRIs) in particular,
during pregnancy. Whereas 5 of the meta-analyses’!> suggested that
confounding by indication (explained below) cannot be ruled out, the
sixth and among the most recent meta-analysis'* asserted that there is
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Table 1. Important Findings From the Meta-Analysis of
Kobayashi et al®

Table 2. Important Findings From the Case-Control Study
Meta-Analysis of Kaplan et al'®

1. SSRI exposure during pregnancy was associated with an increased risk
of ASD in the offspring in the case-control studies (5 studies; OR=1.37;
95% Cl, 1.08-1.74) and in one (2 studies; OR=1.89; 95% Cl, 1.28-1.88)
but not the other (2 studies; OR=1.69; 95% Cl, 0.80-3.57) combination
of the cohort studies.

2. There was no difference in ASD risk when exposure was compared
between SSRIs and other antidepressant drugs in either case-control or
cohort study analyses.

3. When analysis was restricted to datasets of mothers with psychiatric
disorders, SSRIs were not associated with an increased risk of ASD in the
case-control studies (1 study; OR=1.86; 95% Cl, 0.76-4.58) and in both
sets of cohort studies (2 studies, each; OR=0.79; 95% Cl, 0.51-1.23 and
OR=1.03;95% Cl, 0.49-2.15).

Abbreviations: ASD =autism spectrum disorder, Cl=confidence interval,
OR=o0dds ratio, SSRI=selective serotonin reuptake inhibitor.

a significant association between prenatal SSRI exposure
and ASD and that the practice of SSRI use during pregnancy
should be reviewed. The title of this meta-analysis was itself
a warning of sorts: “Maternal SSRI Exposure Increases the
Risk of Autistic Offspring”

The 6 meta-analyses included different studies, excluded
different studies, and examined the data with different
specific objectives and in different ways; therefore,
although there was considerable overlap with regard to the
primary studies included, the meta-analyses were far from
being duplications of each other. Given the potential for
generation of uncertainty in the minds of readers, especially
considering that the press and other mass media tend to
publicize primary studies that demonstrate a positive
association of risk and neglect research that finds no
association of risk, the present article sought to provide a
meta-review of the 6 meta-analyses listed above with a view
to summarize the findings of the meta-analyses, present a
consistent explanation for the findings, and consider how
the findings may influence clinical practice.

Confounding by Indication

As an explanatory note, pregnant women and their
physicians know that, wherever possible, most medications
should be avoided during pregnancy, especially during the
first trimester. Therefore, if a women receives a prescription
for an SSRI or other antidepressant during pregnancy,
it is probably because she and her physician consider
that the illness is sufficiently severe or that the risk of
relapse is sufficiently high to justify treatment with the
antidepressant. So, it may be the dysfunctional symptoms
and the behaviors associated with the illness, or the genetic
and environmental factors that contribute to the illness, that
drive the risk of ASD in the offspring rather than the use of
the antidepressant, per se. This is known as confounding
by indication. That is, it is the indication for which the
antidepressant is prescribed that drives the risk rather than
the antidepressant itself.

Confounding by indication and ways to overcome the
problem through the use of propensity score matching,
sibling controls, and other methods have been discussed

1. SSRI (5 studies; OR=1.66; 95% Cl, 1.23-2.23) and non-SSRI (3 studies;
OR=2.05; 95% Cl, 1.20-3.49) antidepressant exposure during pregnancy
were both associated with an increased risk of ASD in the offspring.

2. Exclusive preconception exposure to SSRIs was associated with an
increased risk of ASD in the offspring (3 studies; OR=1.84; 95% Cl,
1.48-2.28).

3. The ASD risk was also increased after first (4 studies; OR=1.90; 95% Cl,
1.28-2.83) and second (4 studies; OR=1.73; 95% Cl, 1.15-2.61) but not
third (4 studies; OR=1.64; 95% Cl, 0.83-3.24) trimester exposure.

Abbreviations: ASD =autism spectrum disorder, Cl=confidence interval,
OR=o0dds ratio, SSRI=selective serotonin reuptake inhibitor.

Table 3. Important Findings From the Meta-Analysis of
Brown et al™’

1. In unadjusted analyses, exposure to SSRIs during pregnancy was
associated with an increased risk of ASD in the offspring in both
case-control (4 studies; OR=1.7;95% Cl, 1.3-2.3) and cohort (2 studies;
OR=1.8;95% Cl, 1.3-2.6) studies.

2. In unadjusted analyses, exposure to SSRIs during the first trimester was
associated with an increased risk of ASD in the offspring in both case-
control (4 studies; OR=2.0; 95% Cl, 1.3-3.1) and cohort (2 studies; OR
OR=1.8;95% Cl, 1.3-2.6) studies.

3. After adjusting for potential confounders, exposure to SSRIs during
pregnancy was associated with borderline significant risk of ASD in the
offspring in the case-control studies (4 studies, OR, 1.4; 95% Cl, 1.0-2.0)
and with nonsignificant risk in the cohort studies (2 studies; OR=1.5;
95% Cl, 0.9-2.7).

4. After adjusting for potential confounders, exposure to SSRIs during the
first trimester was associated with increased risk of ASD in the offspring
in the case-control studies (4 studies, OR=1.7; 95% Cl, 1.1-2.6) and
with nonsignificant risk in the cohort studies (1 study; OR=1.4; 95% Cl,
1.0-1.9).

5. In analyses restricted to datasets that controlled for maternal mental
illness, SSRI exposure during pregnancy was not associated with an
increased risk of ASD in the offspring in either case-control (3 studies;
OR=1.4;95% Cl, 0.9-2.2) or cohort (2 studies; OR=1.5; 95% Cl, 0.9-2.7)
studies.

6. In analyses restricted to datasets that controlled for maternal mental
illness, SSRI exposure during the first trimester was associated with
an increased risk of ASD in the offspring in the case-control studies (3
studies; OR=1.8; 95% Cl, 1.1-3.1). In the cohort studies, the risk was not
significant (1 study; OR=1.4; 95% Cl, 1.0-1.9).
Abbreviations: ASD = autism spectrum disorder, Cl = confidence interval,
OR=o0dds ratio, SSRI=selective serotonin reuptake inhibitor.

elsewhere, but the problem can never be overcome in
observational studies, and the randomized controlled study
gold standard will perhaps never be considered ethical
during pregnancy.!>!8

Meta-Analysis: Kobayashi et al

These authors’ identified 7 case-control studies and
4 cohort studies through their literature search. Because
many of these studies had examined the same primary
data source, resulting in considerable data overlap, the list
was pruned to 5 case-control studies and 3 cohort studies.
Because 2 of these 3 cohort studies had overlapping data and
because there was no a priori reason to favor one over the
other, the cohort study analysis was conducted twice, with
first one and then the other overlapping study included.
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Table 4. Important Findings From the Meta-Analysis of
Mezzacappa et al'?

Table 5. Important Findings From the Meta-Analysis of
Kaplan et al'?

1. Antidepressant exposure during pregnancy was associated with an
increased risk of ASD in the offspring (6 studies; OR=1.81;95% Cl,
1.49-2.20). After adjusting for past depression, the risk diminished and
remained significant in the case-control studies (5 studies; OR=1.52;
95% Cl, 1.09-2.12) but not the cohort studies (2 studies; HR=1.26; 95%
Cl,0.91-1.74).

. Antidepressant exposure during the first trimester was associated with
an increased risk of ASD in the offspring (6 studies; OR=2.09; 95% Cl,
1.66-2.64). After adjusting for past depression, the risk diminished and
remained significant in the case-control studies (5 studies; OR=1.79;
95% Cl, 1.27-1.52) but not the cohort studies (2 studies; HR=1.10; 95%
Cl,0.70-1.75).

3. Antidepressant exposure during the second trimester was associated
with an increased risk of ASD in the offspring (5 studies; OR=2.00; 95%
Cl, 1.55-2.59). After adjusting for past depression, the risk diminished
but remained significant (4 studies; OR=1.67; 95% Cl, 1.14-2.45).

4. Antidepressant exposure during the third trimester was associated with
an increased risk of ASD in the offspring (5 studies; OR=1.90; 95% Cl,
1.20-3.02). After adjusting for past depression, the risk diminished and
was no longer significant (4 studies; OR=1.54; 95% Cl, 0.82-2.90).

5. Antidepressant exposure before conception was associated with an

increased risk of ASD in the offspring both before (4 studies; OR=1.96;

95% Cl, 1.65-2.32) and after (4 studies; OR=1.77;95% Cl, 1.49-2.09)

adjusting for past depression.

N

Abbreviations: ASD =autism spectrum disorder, Cl=confidence interval,
HR =hazard ratio, OR=odds ratio, SSRI=selective serotonin reuptake
inhibitor.

Important findings from this meta-analysis are presented
in Table 1. In summary, whereas SSRI exposure during
pregnancy was associated with an increased risk of ASD in
the offspring in the overall analyses, the significance was lost
in analyses restricted to mothers with psychiatric disorders.
The authors therefore concluded that maternal psychiatric
conditions are a major confounding factor in the association
between SSRI exposure and ASD risk.

Meta-Analysis: Kaplan et al

These authors'® identified 6 case-control studies and 4
cohort studies through their literature search. One case-
control study was excluded from the quantitative analysis
because its data were largely a subset of another study.
The data from the cohort studies were not meta-analyzed
because the authors considered that outcome reporting was
not uniform with regard to the antidepressant exposure
windows.

The main findings from this meta-analysis are presented
in Table 2. In summary, SSRI and non-SSRI antidepressant
exposure during pregnancy were both associated with an
increased risk of ASD in the offspring. The increased risk
(not significant for third trimester exposure) was almost
identical, regardless of trimester of exposure. Importantly,
the increased risk was almost identical even for exclusive
preconception exposure. Given that preconception exposure
cannot affect the fetus, this finding strongly suggests that
confounding by indication drives the increased risk. The
authors!? therefore concluded that maternal psychopathology
may contribute bias in investigations of ASD risk after
antidepressant exposure during pregnancy.

1. SSRI exposure during pregnancy was associated with an increased risk
of ASD in the offspring in both datasets of 3 studies, each (HR=1.61;
95% Cl, 1.16-2.25 and HR=1.65; 95% Cl, 1.28-2.11).

. Discontinuation of SSRIs until 3 months before pregnancy was not
associated with an increased risk of ASD in the offspring in either
dataset of 2 studies, each (RR=1.31; 95% Cl, 0.98-1.74 and HR=1.37;
95% Cl, 0.92-2.04).

. Maternal psychiatric disorder with no SSRI exposure during pregnancy
was associated with an increased risk of ASD in the offspring (2 studies;
OR=1.81;95% Cl, 1.44-2.29).

Abbreviations: ASD =autism spectrum disorder, Cl=confidence interval,

HR=hazard ratio, OR=odds ratio, RR=risk ratio, SSRI=selective serotonin

reuptake inhibitor.

N

w

Meta-Analysis: Brown et al

These authors!! identified 8 relevant studies but meta-
analyzed only 4 case-control and 2 cohort studies that had
unique datasets. Important findings from this meta-analysis
are presented in Table 3. In summary, in unadjusted analyses,
SSRI exposure anytime during pregnancy as well as first
trimester exposure were both associated with increased risk
of ASD in the offspring. The magnitude and significance of
the findings diminished in adjusted analyses. In analyses that
controlled for maternal mental illness, only first trimester
exposure in only the case-control studies was associated with
a significant increase in risk. The authors concluded that it is
unclear whether the association between first trimester SSRI
exposure and ASD (that was present even after adjustment
for maternal mental illness) is a true association or a
consequence of residual confounding.

Meta-Analysis: Mezzacappa et al

These authors'? identified 7 case-control studies and 3
cohort studies. Important findings from this meta-analysis
are presented in Table 4. In summary, they found that
antidepressant exposure during pregnancy as well as during
the different trimesters was associated with an increased
risk of ASD in the offspring. The risks diminished after
adjusting for past history of (maternal) depression but
mostly remained significant (except in the cohort studies and
in the third trimester analysis). Importantly, preconception
antidepressant exposure was also associated with increased
risk of the same magnitude both before and after adjusting
for past maternal depression. The authors concluded that
maternal psychiatric disorders in treatment before pregnancy
(rather than exposure to antidepressants during pregnancy)
could be driving the risk of ASD in the offspring.

Meta-Analysis: Kaplan et al

These authors'? specifically examined cohort studies and
identified 4 that met their study selection criteria. Because
the datasets of 2 studies largely overlapped, some analyses
were conducted separately with one and then the other
study included. Important findings from the meta-analysis
are presented in Table 5. In summary, SSRI exposure during
pregnancy was associated with an increased risk of ASD in the
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offspring, but maternal psychiatric disorder in‘the absence
of SSRI exposure was also associated with an increased risk.
Preconception exposure to SSRIs was not associated with
an increased risk. The authors concluded that the findings
suggest that confounding by indication (maternal psychiatric
illness) drives the risk of ASD in the offspring.

Meta-Analysis: Andalib et al

These authors'* identified 6 case-control and cohort
studies and provided no explanation for why they excluded
studies that had been identified by the other meta-analyses,
many of which would have been available to them at the time
of manuscript submission and revision. This meta-analysis
was also the least enterprising of the 6 meta-analyses; it
merely examined the overall risk of ASD associated with
antenatal SSRI exposure. The finding was significant (6
studies, OR, 1.83; 95% CI, 1.59-2.10). The only additional
observation of interest was that the 3 Danish studies in
the meta-analysis contributed about 75% of the weightage
in their analysis. The conclusions of the authors seemed
clear from the title of their article itself: that maternal SSRI
exposure increases (use of the active verb implies causality)
the risk of autistic offspring.

Comments

The 6 meta-analyses observed that the included studies
were mostly of good quality and that there was little
heterogeneity in most of the analyses. Although the meta-
analyses accessed much the same literature database, they
differed substantially in the studies that they considered
appropriate for inclusion, in their approaches to the analysis
of data, and in the studies that they included in the separate
analyses. Thus, there was little redundancy.

A common limitation of the meta-analyses is that
although most set primary and secondary objectives, and
some also defined sensitivity and subgroup analyses, none
corrected for multiple hypothesis testing; besides this
note, listing the strengths and limitations of individual
meta-analyses is not the purpose of this article, which is to
identify consistent themes across the meta-analyses. Readers
interested in a more critical appraisal of the literature in
the field may consult the discussion sections of certain of
the meta-analyses, especially those of Kaplan et al'® and
Mezzacappa et al.!?

Despite the differences in the methods of the meta-
analyses, the findings were reasonably consistent. In general,

antidepressant exposure during pregnancy was associated
with increased risk of ASD in the offspring. However,
the findings diminished in magnitude and significance
in analyses that adjusted for confounding variables and
were mostly nonsignificant in analyses that controlled for
maternal mental illness. Furthermore, antidepressants were
associated with an increased risk even when exposure was
limited to the preconception period, when the drugs could
not have possibly affected the fetus.

There is little doubt that SSRI exposure during pregnancy
is a marker for an increased risk of ASD in the offspring.
However, the broad inference that can reasonably be drawn
from the findings summarized above, and the conclusion
that was endorsed by 5 of the 6 meta-analyses,”!? is that
maternal mental illness is a confound that may drive the
increased risk. The only dissenting meta-analysis'* was the
one that only examined overall risks without considering
risks in subgroups (characterized by maternal mental
illness) or specific exposure periods (preconception).
The conclusions of this dissenting meta-analysis should
therefore be regarded as being weaker than those of the
other meta-analyses.

Importantly, if illness symptoms and behaviors
contribute to the increased risk, then use of antidepressants
may actually reduce the risk. However, this can never be
identified through observational studies because of the
problem related to confounding by indication.

Implications

The findings of these meta-analyses do not discourage the
use of SSRIs during pregnancy if the condition being treated
causes significant dysfunction, is associated with serious
negative implications (eg, suicidal risk), or is associated with
negative behaviors that impact maternal or fetal well-being.
In such cases, the risk of ASD in the offspring should not
be the sole consideration when considering treatment with
SSRIs during pregnancy. Nevertheless, decision-making
should be individualized, and the risk-benefit ratio discussed
between physician and client in a shared decision-making
process.

Parting Note

Much of the data in the different meta-analyses
originated from Scandinavian countries, notably Denmark.
One therefore needs to consider the extent to which the
findings can be validly generalized to the rest of the world.

Published online: September 26, 2017.
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